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Received: 15 June 2024 Background and Objective: Bovine mastitis, particularly caused by Staphylococcus
spp., poses challenges in dairy production. This study assessed the antimicrobial
ACCthEdZ 25 July 2024 activity of various antibiotics on strains isolated in Ecuador. Materials and Methods:
Milk samples from cows with mastitis were collected in Ecuador, isolating and
Published: 15 Aug 2024 identifying Staphylococcus spp. The strains were tested against antibiotics using the

disk diffusion method. Results: Streptomycin exhibited the highest effect, with an
average halo diameter of 27.86 mm (30ug), followed by neomycin with 25.40 mm
doi: 10.48047/AFJBS.6.14.2024.9587-9601 (30ug) and gentamicin with 24.80 mm (30ug). However, high resistance to beta-
lactams was observed, with penicillin reaching only 23.26 mm (30ug). These findings
suggest inefficacy in current therapeutic treatments, especially in mastitic cases treated
with the analyzed drugs. It is crucial to consider these findings to adapt therapeutic
strategies addressing bacterial resistance and improving treatment efficacy in dairy
cattle. Conclusion: Continuous monitoring of antimicrobial sensitivity is essential for
optimizing livestock health and productivity, adjusting treatment protocols according
to bacterial resistance evolution.
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INTRODUCTION

Bovine mastitis is an inflammatory disease of the mammary glands of cows, which can be caused
by different infectious agents, with bacteria being the most common.
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This condition represents one of the greatest challenges for the dairy industry worldwide,
as it significantly affects milk production and quality, in addition to generating high
economic costs due to treatments and associated losses?.
This disease can present clinically, where visible signs such as swelling, redness, and pain
in the udders, as well as changes in the texture and color of the affected milk, are observed,
or subclinically, where no evident symptoms are manifested, but there is still the presence
of bacteria in the milk and a decrease in milk production?.
Mastitis can be caused by various factors, including inadequate management conditions,
stress, udder traumas, environmental contamination, among others. Hygiene and proper
milking parlor management are crucial to prevent disease spread, as well as the prudent
use of antibiotics for treating diagnosed cases®.
Bovine mastitis does not directly cause illnesses in consumers through the consumption
of contaminated milk. However, the presence of pathogenic bacteria in the milk from
cows affected by mastitis can pose a risk to human health if proper pasteurization
protocols and hygienic handling of dairy products are not followed*.
The bacteria that cause bovine mastitis, such as Staphylococcus aureus, Streptococcus
agalactiae, Escherichia coli, and others, can produce toxins or contaminate milk with
pathogens that could cause illnesses in consumers if ingested in sufficient quantities®.
Therefore, it is essential to ensure that raw milk undergoes an appropriate pasteurization
process before consumption, as this thermal process eliminates the pathogenic bacteria
present in the milk, thus reducing the risk of foodborne illnesses. Prevention and control
of mastitis are essential for maintaining herd health and the profitability of dairy
production .
The genus Staphylococcus is a group of Gram-positive, spherical bacteria, clustered in
grape-like arrangements. They are ubiquitous microorganisms found on the skin and
mucous membranes of humans and animals. Staphylococcus is divided into different
species, some of which are pathogenic to humans and animals, while others are
commensal or even beneficial’.
In the context of bovine mastitis, Staphylococcus aureus is one of the most common
causes of this disease. This bacterium can enter the cow's udder during the milking

process, especially if proper hygiene practices are not maintained. Once in the udder, it
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can cause inflammation, infection, and production of toxins that affect milk quality and
cow health®.

Mastitis caused by Staphylococcus aureus can be clinical or subclinical. In the clinical
form, evident signs of inflammation in the udder are observed, such as redness, swelling,
and presence of pus in the milk. In the subclinical form, no external signs are observed,
but milk production may decrease and elevated somatic cells may be found in the milk®.
With this analysis, the isolation of Staphylococcus aureus in bovine mastitis is crucial for
accurate diagnosis, appropriate treatment selection, and epidemiological control. It allows
for strain identification, understanding antibiotic resistance, and developing prevention
strategies. Furthermore, in dairy production, its detection ensures food quality and safety,
indicating possible deficiencies in hygiene®. The characterization of Staphylococcus
aureus involves a series of biochemical tests, such as catalase, coagulase, carbohydrate
fermentation (such as mannitol), production of lactic acid, and other bacterial
identification tests. These tests provide details about its metabolism and pathogenic
potential, crucial for establishing its phenotypic profile, understanding its physiological

characteristics, and differentiating it from other bacterial species®®, .

Bacterial resistance to antibiotics is a serious public health issue. Staphylococcus,
especially Staphylococcus aureus, has developed resistance to multiple antibiotics,
including beta-lactams such as methicillin (MRSA), and other common types of
antibiotics2. This is mainly due to natural selection induced by the excessive and
inadequate use of antibiotics, as well as the transfer of resistance genes between bacteria.
Staphylococcus resistance to antibiotics can significantly complicate the treatment of
infections, increase morbidity and mortality, and prolong the duration of the disease?. It
is essential to adopt strategies for rational antibiotic use and promote infection control
measures to address this emerging public health problem. Conducting antimicrobial
activity analyses is crucial to detect pathogen resistance, such as Staphylococcus, to
antibiotics. These analyses allow identification of which antibiotics are effective against

bacterial strains and which are not, guiding appropriate infection treatment*®

With all this background, the objective of the present study was to evaluate the sensitivity
of Staphylococcus spp. strains isolated from cases of bovine mastitis in Ecuador to
antibiotics from the beta-lactam, cephalosporin, aminoglycoside, and tetracycline

families, to determine resistance patterns and guide appropriate treatment strategies.
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MATERIALS AND METHODS

This research was conducted in the general laboratory of the Faculty of Agricultural
Sciences, Natural Resources, and Environment of the State University of Bolivar,
Ecuador. The samples were collected from 136 cows from 7 farms of the Agricultural
Cooperative "La Colina,” located in the San Pedro area, San Miguel de Los Bancos,

province of Pichincha, Ecuador.
Detection of mastitis in milk through CMT (California Mastitis Test) in the field.

A physical examination of the animals was conducted before milking to identify signs of
mastitis. Then, the CMT (California Mastitis Test) was applied in a ratio of 2:1 (milk:
reagent) according to Balemi et al.1* and the protocol by Maldonado et al.*®.

Establishment of the mastitis prevalence rate in the study area
The prevalence was determined by recording mastitis-positive animals, for which the
formula described by Alvarado et al. 1°,

Number of cases af fected by the disease

0 = 100
% Prevalence Total number of the population x

Isolation by plate culture.

After detecting a cow with clinical or subclinical mastitis and that has not received
antibiotic treatment, a sample from the affected quarter was collected. The teat was
disinfected with 70% alcohol, teat end was trimmed and discarded, and the milk sample
was collected in a labeled and coded test tube. The sample was stored in a refrigerated
cooler at 4-8°C.

The sample was enriched with peptone water and packed into screw-capped tubes at a
ratio of 9:1 (peptone water:milk) (Acumedia, Lot. 1075962, USA). After cooling to 40°C,
it was incubated for 24 hours at 37°C. Then, it was plated on blood agar base (Difco,
Lot.0237250, USA) with 5% sheep blood to isolate Gram-positive bacteria.

After the initial incubation, the culture was duplicated and triplicated to purify the
bacterial strain through triple streaking. Following incubation for 24 hours at 37°C,
growth of a single bacterial type was obtained. The resulting bacterial colonies underwent
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biochemical tests to identify their specific metabolic pathway, allowing for precise

identification.

Identification and characterization of the bacteria
Phenotipic identification

In the bacterial identification process, metabolic pathways for sugar nutrition and
fermentation were considered, along with colorimetric indicators in specific and
differential media. To identify Gram-positive bacteria like Staphylococcus aureus,
Mannitol Salt Agar (Oxoid, REF: CM0085, LOT: 3289843, UK) and Tryptic Soy Agar
(Difco, Lot.1153604, USA) were used, allowing selective growth of this bacterial genus.
Additionally, morphological identification at the cellular level was performed using Gram
staining. These techniques were crucial for discerning the presence of the pathogenic

bacteria.
Biochemical tests for bacterial characterization

For the Methyl Red test, the reagent was diluted in 96% methanol and 5 drops were
applied to a tube with a bacterial suspension. A red coloration of the medium indicates
mixed acid fermentation, considered positive. In the Oxidase test, the appearance of dark
purple color after inoculation indicates a positive result. In Catalase test, bubble formation
upon addition of hydrogen peroxide indicates a positive result. These tests, crucial in
bacterial identification, allow discernment between positive and negative results based on

specific reactions®’ '8,

The coagulase test was also performed, for which rabbit blood was collected in
Vacutainer tubes with lavender caps containing anticoagulant (EDTA), centrifuged for 5
minutes at 3000 rpm, and plasma was collected. 0.5 mL of plasma was transferred to
Eppendorf tubes and bacteria were suspended. After 4-6 hours of incubation at 37 °C,
clot formation at the bottom of the tube was observed, indicating a positive result.
Absence of clotting was considered negative'®?°2, The biochemical characterization

profile is shown in Table 1.
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Table 1. Biochemical identification profiles for Gram-positive bacteria isolated from
bovine mastitis.

Test Coagulase | Catalase Oxidase Mannitol Hemolysis
(+/-) (+-) (+/-) fermentation. | Pattern
Isolates
S. aureus. + + - + Beta
Staphyloccocus spp | - + + \YJ \Y

Assessment of the antimicrobial activity of the investigated drugs against the target

pathogen.

The antimicrobial activity was conducted using the Kirby-Bauer method, antibiotic disk
diffusion at concentrations proposed in the research (1ug, 5ug, 10pg, and 30ug). Plates
were inoculated using the McFarlan 0.5 scale (USGS, USA), then incubated for 24 hours
at 37°C. Subsequently, the bacterial growth inhibition zone was measured, establishing

susceptibility antibiotics by CLSI?.

A bacterial suspension of 1.5 CFU/mL was prepared in sterile distilled water, and its
turbidity was adjusted using the McFarland 0.5 scale to ensure an appropriate
concentration. Subsequently, the culture medium was inoculated with a sterile swab in
four directions for even distribution of the microorganism. Filter paper disks with
antibiotics at different concentrations were then placed on the medium's surface,
maintaining adequate separation. Finally, the Petri dish was sealed with parafilm, and a
unique code was recorded to prevent contamination and ensure traceability. After 18-24
hours of incubation, the formation of inhibition zones around the disks was evaluated??,

The antibiotics analyzed against Staphylococcus aureus and coagulase-negative
Staphylococcus spp. were: Oxytetracycline (5ug, 10ug, and 30ug); Beta-lactams:
Penicillin, Cephalexin (5ug, 10pg, and 30ug), also Cloxacillin (1pg, 5pg, 10uQ);
Aminoglycosides: Gentamicin, Neomycin, and Streptomycin (5ug, 10ug, and 30ug).

Estimation of the minimum inhibitory concentration (MIC) of the drugs under study.

The MIC, minimum inhibitory concentration, is determined (in pg/ml) using the Kirby-
Bauer method. The diameter of the zones formed around the disks is measured with a

vernier caliper. Susceptibility criteria are based on CLSI, VETO01S and guidelines®*,?®

RESULTS AND DISCUSSION
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Determination of mastitis prevalence on the farms.

According to the CMT results, the mastitis prevalence was 36.76% out of a total of 136
animals, with 50 positive cases. Farm 6 showed the highest prevalence (45%), while Farm
1 had the lowest (18.2%). These figures align with previous research by Avellan et al. 28
and Sanchez-Bonilla?’, indicating that mastitis is present when udder milking and

sanitation protocols are inadequate.
Isolation and identification of the pathogens that cause mastitis.

Fifty-one bacterial strains were isolated and identified from mastitis-positive samples of
50 analyzed cows. According to biochemical analysis, Staphylococcus aureus had the
highest prevalence (29.42%, 15 isolates), followed by coagulase-negative
Staphylococcus spp. (15.68%, 8 isolates). In comparison with other studies, pathogen
distribution varies according to geographical location and sanitary management practices

during milking?.

Antimicrobial activity of Oxytetracycline against Staphylococcus aureus

Table 2. Analysis of antimicrobial susceptibility of Oxytetracycline against S. aureus at
three concentrations

Antibiotic Concentrations / Resistance
SHg 10 ug 30ug
Oxytetracycline [ 5.13mm [100% |853mm [100% |17.66 mm [6.7 %

The results showed total resistance in all isolates to 5ug and 10ug of antibiotic, while in
the 30pg, resistance was 6.7%, with a larger halo size. According to Arroba?®, in mastitis
milk samples, S. aureus exhibited 91.6% resistance to tetracycline. Lucas et al*°. reported
a 59% resistance in S. aureus to tetracyclines. This suggests variability in oxytetracycline
resistance, influenced by various factors.

Antimicrobial activity of Beta-lactams (Penicillin, Cephalexin and Cloxacillin)
against Staphylococcus aureus.

Table 3. Antimicrobial susceptibility analysis of Beta-lactams against S. aureus at three

concentrations

Antibiotic Concentrations / Resistance

oHg 10 pg 30ug
Penicillin 566 mm | 100% | 11.4 mm 100% | 23.26 mm | 80 %
Cephalexin | 3.40 mm | 100% | 7.4 mm 100% | 17.13mm | 80 %

Cloxacillin 1ug 5ug 10 pg
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| [3.66 mm [ 100 % [ 10.06 mm | 100 % | 20.20 mm | 80 % |

The most effective treatment proved to be the administration of 30 pg of Penicillin,
followed by 10 pg of Cloxacillin and 30 pg of Cephalexin. Intermediate treatments, such
as 10 pg of Penicillin, 5 pug of Cloxacillin, and 10 ug of Cephalexin, showed no significant
differences among themselves, respectively. In contrast, treatments with the lowest
averages were 5 pg of Penicillin, 1 pg of Cloxacillin, and 5 ug of Cephalexin (see Table
3).

In the case of Penicillin, both the treatments with 5 pg and 10 pg showed resistance in all
isolates, while the treatment with 30 pg exhibited a resistance of 80%. Previous findings,
such as those of Srednik et al. 3, corroborate similar results regarding resistance to

penicillin.

Regarding Cephalexin, the treatment with 30 pg revealed intermediate resistance of 80%,
while treatments with 1 pg and 5 pg of Cloxacillin showed resistance in all isolates.
Previous research, such as that of Neder et al.®, indicates that Cephalexin had a sensitivity

of 99% and only a resistance of 1.04%.

Finally, the treatment with 10 pug of Cloxacillin showed a resistance of 80%. Previous
studies, such as Abdul et al. 3, found a sensitivity of 72.42% to 10 pg of Cloxacillin.

The data suggest that resistance is linked to the agroecological zone, mastitis treatment
management, indiscriminate antibiotic use without clinical criteria, and differences in

resistance due to environmental factors and improper antimicrobial management.

Antimicrobial activity of Aminoglycosides (Gentamicin, Neomycin and
Streptomycin) against Staphylococcus aureus.

Table 4. Antimicrobial susceptibility analysis of Aminoglycosides against S. aureus at
three concentrations

Antibiotic Concentrations / Resistance

SHg 10 ug 30Hg
Gentamicin 6 mm 100% | 17.33mm | 13 % 24.80 mm | 100 %
Neomycin 6.13mm | 100% |13.20mm [33.3% |2540mm |6.7%
Streptomycin 566 mm | 100% | 11.93mm |46.67 % | 27.86 mm | 0%

When comparing antibiotics at 30 pg, Streptomycin showed the highest average in mm

of halo, followed by Neomycin and Gentamicin. At the concentration of 10 pg,
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Gentamicin had the highest average, while Neomycin and Streptomycin had similar
ranges with no significant differences. In the 5ug treatments, the averages showed no

significant differences and were the smallest halo sizes.

In the analyzed context, it was observed that with 5 pg of Gentamicin, all isolates showed
resistance, while with 10 pg, only 2 isolates were resistant. At a concentration of 30 pg,
a sensitivity of 100% was evidenced. According to Abdul et al. 33, the research indicates
a sensitivity of 93.08% to 10ug of Gentamicin, suggesting its ability to inhibit growth

under similar conditions.

When analyzing Neomycin, it was observed that at 5 pg, all isolates showed resistance,
while at 10 pg, 33.33% were resistant. At 30 pg, only 6.7% of the isolates showed
resistance. In a previous study, Abdul et al. **, found a sensitivity of 87.93% for Neomycin
(30ug), suggesting adequate efficacy of the drug.

Regarding Streptomycin, the findings indicate that at 5 ng, all isolates show resistance,

while at 10 pg, resistance is 46.67%. However, at 30 ug, a sensitivity of 100% is observed.

Antimicrobial activity of oxytetracycline against coagulase-negative Staphylococcus
Spp

Table 5. Antimicrobial susceptibility analysis of oxytetracycline against coagulase-
negative Staphylococcus spp at three concentrations

Antibiotic Concentrations / Resistance
SHg 10 pg 30pg
Oxytetracycline | 11.25 100% 22.50 mm | 50% 35.87mm |0
mm

After analysis, it was determined that the most effective treatment was at 30pg, followed
by 10pg and 5ug, with statistically significant differences. Regarding resistance, the
treatment with 5ug showed resistance in all isolates, while the 10ug treatment revealed

that half were resistant (37.5% intermediate resistance and 12.5% total resistance).

On the other hand, the treatment with 30g demonstrated 100% susceptibility in the 8
isolated bacteria. These results are consistent with previous studies by Arroba?® and
Sanchez et al. 3 regarding susceptibility to tetracyclines, supporting the effectiveness of

certain concentrations according to bacterial sensitivity.

Antimicrobial activity of beta-lactams (Penicillin, Cephalexin, and Cloxacillin)
against coagulase-negative Staphylococcus spp.
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Table 6. Antimicrobial susceptibility analysis of beta-lactams (Penicillin, Cephalexin and
Cloxacillin) on Staphylococcus spp CN at three concentrations

Antibiotic Concentrations / Resistance
Sug 10 pg 30ug
Penicillin 6.62 100% | 13.87mm | 100% | 26.12 mm | 100 %
mm
Cephalexin | 5.62 100 % 987mm |[100% | 21.25mm | %
mm
Cloxacillin 1ug 5ug 10 g
4.87 100 % 9 mm 100% | 18.87 mm | %
mm

At higher concentrations, 30ug of Penicillin had the best average, followed by Cephalexin
and 10ug of Cloxacillin. At 10ug, Penicillin was equally more effective, followed by
Cephalexin and 5ug of Cloxacillin. At 5ug, Penicillin showed the best result, followed
by Cephalexin and 1pug of Cloxacillin.

In the resistance analysis, the 8 isolates showed resistance to all three antibiotic
concentrations. However, in the study by Sanchez et al. %, 27, 58% resistance and 42%
sensitivity to penicillin were identified, contrasting with the 100% resistance observed in
the coagulase-negative Staphylococcus spp. isolates in this study.

On the other hand, all isolates showed resistance to all three concentrations of Cephalexin.
Arroba?® reported 97% sensitivity and 3% resistance in their study of 33 strains of
Staphylococcus spp. to Cephalexin (30ug), in contrast to the total resistance observed in

this study, likely due to improper antibiotic management.

Regarding Cloxacillin, the results indicate that all isolates were resistant to all three
concentrations of the antibiotic. According to Cruz et al. %, in their study of 15 coagulase-
negative Staphylococcus spp. strains subjected to Cloxacillin (5ug), 27.2% resistance was

observed, contrasting with the 100% resistance in the current isolates.

Antimicrobial activity of Aminoglycosides (Gentamicin, Neomycin, and
Streptomycin) against coagulase-negative Staphylococcus spp.

Table 7. Analysis of antimicrobial susceptibility of Aminoglycosides (Gentamicin,
Neomycin, and Streptomycin) against coagulase-negative Staphylococcus spp. at three
concentrations

Antibiotic Concentrations / Resistance
SHg 10 ug 30ug
Gentamicin 15.75 0% 27.75mm | 0% 51.75mm | 0%
mm
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Neomycin 16.12 0% 30.37mm | 0% 5487 mm | 0%
mm
Streptomycin 18.75mm | 0 % 33.12 mm | 0% 53.87 mm | 0%

El analisis revealed that Neomycin 30pg and Streptomycin 30ug were the most effective
treatments. These treatments did not show significant differences between each other. At
a concentration of 10ug, Streptomycin stood out, closely followed by Neomycin. At
concentrations of 5ug, Streptomycin led with an inhibition zone exceeding 18.75 mm
(Table 7).

The results with Gentamicin indicate that the 8 isolates are susceptible to the three
concentrations studied. In contrast, according to Arroba?®, Gentamicin (10ug) exhibited
an 82.6% resistance in 46 isolates. Similarly, Neomycin inhibited the growth of 100% of
the isolates. However, Arroba®® found a resistance level of 95.6% at 30ug, which
contrasts with our findings.

The same effect was evidenced with the antibiotic Streptomycin at the three
concentrations studied, according to Sanchez et al. 2/, 77.41% of the strains are sensitive

and 22.59% are resistant to Streptomycin at 10 ug.

Conclusion

The antimicrobial sensitivity of coagulase-negative Staphylococcus spp. isolates causing
bovine mastitis varied significantly depending on the concentration and type of antibiotic
used. High sensitivity to certain antibiotic concentrations was observed, such as in the
case of Streptomycin at 5ug, where 100% of the isolates were sensitive, suggesting the

need to consider specific doses and agents in the treatment of this disease.

The results obtained differ somewhat from previous studies, suggesting a possible
evolution in antimicrobial resistance of coagulase-negative Staphylococcus spp. over
time. This underscores the importance of continuously monitoring the effectiveness of
antibiotics and adapting treatment strategies according to changing resistance trends in

bacterial populations.
Bibliography

1. Cheng WN, Han SG. Bovine mastitis: risk factors, therapeutic strategies, and
alternative treatments — A review. Asian-Australasian J Anim Sci [Internet]. 2020



10.

11.

12.

Joao Mazon Velez/Afr.J.Bio.Sc. 6(14) (2024) Page 9598 of 15

Nov 1;33(11):1699-713. Available from:
http://ajas.info/journal/view.php?doi=10.5713/ajas.20.0156

Shen L hong, Zhang Y, Shen Y, Su Z tong, Yu S min, Cao S zhong, et al. Effect
of anemoside B4 on milk whey in clinical mastitis-affected cows elucidated using
tandem mass tag (TMT)-based quantitative proteomics. Sci Rep [Internet]. 2022
Nov 5;12(1):18829. Available from: https://www.nature.com/articles/s41598-022-
23749-x

Zigo F, Vasil” M, Ondrasovicova S, Vyrostkova J, Bujok J, Pecka-Kielb E.
Maintaining Optimal Mammary Gland Health and Prevention of Mastitis. Front
Vet Sci [Internet]. 2021 Feb 17;8. Available from:
https://www.frontiersin.org/articles/10.3389/fvets.2021.607311/full

Belay N, Mohammed N, Seyoum W. Bovine Mastitis: Prevalence, Risk Factors,
and Bacterial Pathogens Isolated in Lactating Cows in Gamo Zone, Southern
Ethiopia. Vet Med Res Reports [Internet]. 2022 Jan;Volume 13:9-19. Available
from:  https://www.dovepress.com/bovine-mastitis-prevalence-risk-factors-and-
bacterial-pathogens-isolat-peer-reviewed-fulltext-article-VMRR

Morales-Ubaldo AL, Rivero-Perez N, Valladares-Carranza B, Velazquez-Ordofiez
V, Delgadillo-Ruiz L, Zaragoza-Bastida A. Bovine mastitis, a worldwide impact
disease: Prevalence, antimicrobial resistance, and viable alternative approaches.
Vet Anim Sci [Internet]. 2023 Sep;21:100306. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S2451943X23000236

Tommasoni C, Fiore E, Lisuzzo A, Gianesella M. Mastitis in Dairy Cattle: On-
Farm Diagnostics and Future Perspectives. Animals [Internet]. 2023 Aug
6;13(15):2538. Available from: https://www.mdpi.com/2076-2615/13/15/2538
Battaglia M, Garrett-Sinha LA. Staphylococcus xylosus and Staphylococcus
aureus as commensals and pathogens on murine skin. Lab Anim Res [Internet].
2023 Aug 2;39(1):18. Available from:
https://labanimres.biomedcentral.com/articles/10.1186/s42826-023-00169-0
Castafieda-Vazquez, Hugo, Padilla-Ramirez, Francisco, Castafieda-Vazquez,
Martha, Camacho-Palafox, José, & Salas-Castafieda E. Variacién genética de
Staphylococcus aureus causante de mastitis en vacas lecheras en Jalisco. Abanico
Vet [Internet]. 2020;10. Available from:
https://abanicoacademico.mx/revistasabanico/index.php/abanico-
veterinario/article/view/270

Chakraborty S, Dhama K, Tiwari R, Igbal Yatoo M, Khurana SK, Khandia R, et
al. Technological interventions and advances in the diagnosis of intramammary
infections in animals with emphasis on bovine population—a review. Vet Q
[Internet]. 2019 Jan 1;39(1):76-94. Available from:
https://www.tandfonline.com/doi/full/10.1080/01652176.2019.1642546

Kabiraz MP, Majumdar PR, Mahmud MMC, Bhowmik S, Ali A. Conventional
and advanced detection techniques of foodborne pathogens: A comprehensive
review. Heliyon [Internet]. 2023 Apr;9(4):e15482. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S2405844023026890

Medveov A, Valk U. Staphylococcus aureus: Characterisation and Quantitative
Growth Description in Milk and Artisanal Raw Milk Cheese Production. In:
Structure and Function of Food Engineering [Internet]. InTech; 2012. Available
from: http://www.intechopen.com/books/structure-and-function-of-food-
engineering/staphylococcus-aureus-characterisation-and-quantitative-growth-
description-in-milk-and-artisanal-raw

Ali Alghamdi B, Al-Johani I, Al-Shamrani JM, Musamed Alshamrani H, Al-Otaibi


http://ajas.info/journal/view.php?doi=10.5713/ajas.20.0156
http://www.nature.com/articles/s41598-022-
http://www.frontiersin.org/articles/10.3389/fvets.2021.607311/full
http://www.dovepress.com/bovine-mastitis-prevalence-risk-factors-and-
http://www.mdpi.com/2076-2615/13/15/2538
http://www.tandfonline.com/doi/full/10.1080/01652176.2019.1642546
http://www.intechopen.com/books/structure-and-function-of-food-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Joao Mazon Velez/Afr.J.Bio.Sc. 6(14) (2024) Page 9599 of 15

BG, Almazmomi K, et al. Antimicrobial resistance in methicillin-resistant
staphylococcus aureus. Saudi J Biol Sci [Internet]. 2023 Apr;30(4):103604.
Available from: https://linkinghub.elsevier.com/retrieve/pii/S1319562X23000499
Gajic 1, Kabic J, Kekic D, Jovicevic M, Milenkovic M, Mitic Culafic D, et al.
Antimicrobial Susceptibility Testing: A Comprehensive Review of Currently Used
Methods. Antibiotics [Internet]. 2022 Mar 23;11(4):427. Available from:
https://ww.mdpi.com/2079-6382/11/4/427

Balemi A, Gumi B, Amenu K, Girma S, Gebru M, Tekle M, et al. Prevalence of
Mastitis and Antibiotic Resistance of Bacterial Isolates from CMT Positive Milk
Samples Obtained from Dairy Cows, Camels, and Goats in Two Pastoral Districts
in Southern Ethiopia. Animals [Internet]. 2021 May 24;11(6):1530. Available
from: https://www.mdpi.com/2076-2615/11/6/1530

Maldonado-Arias, D. F., Santos-Calderédn, C. R., Quilapanta-Guamén, A. E., &
Mena-Mifio LA. Diagndstico de Mastitis Subcli-nica Mediante Tres Métodos para
el Control y Tratamiento en Bovinos de Leche Holstein. Dominio Las Ciencias.
2022;8(1):773-790.

Alvarado C. W, Gonzalez M. J, Quilcate P. C, Saucedo U. J, Bardales D. J.
Factores de prevalencia de mastitis subclinica en vacas lecheras del distrito de
Florida, Region Amazonas, Perd. Rev Investig Vet del Peru [Internet]. 2019 Jul
5;30(2):923-31. Available from:
https://revistas.gnbit.net/index.php/veterinaria/article/view/16088

Islam M, Akter F, Aziz M, Uddin M. Development of Probiotic Milk Drinks Using
Probiotic Strain Isolated From Local Yogurt. Fundam Appl Agric [Internet].
2018;1. Available from: http://www.ejmanager.com/fulltextpdf.php?mno=290338
Derdak R, Quinteiro J, Sakoui S, Addoum B, Rodriguez Castro J, Rey Méndez M,
et al. Isolation and Identification of Dominant Bacteria from Raw Donkey Milk
Produced in a Region of Morocco by QIIME 2 and Evaluation of Their
Antibacterial Activity. Cheng JT, editor. Sci World J [Internet]. 2021 Aug
9;2021:1-7. Available from:
https://www.hindawi.com/journals/tswj/2021/6664636/

Bano SA, Hayat M, Samreen T, Asif M, Habiba U, Uzair B. Detection of
Pathogenic Bacteria &amp;lt;i&amp;gt;Staphylococcus
aureus&amp;lt;/i&amp;gt; and &amp;lt;i&amp;gt;Salmonella&amp;lt;/i&amp;gt;
sp. from Raw Milk Samples of Different Cities of Pakistan. Nat Sci [Internet].
2020;12(05):295-306. Available from:
https://www.scirp.org/journal/doi.aspx?doi=10.4236/ns.2020.125026

Abdeen EE, Mousa WS, Abdelsalam SY, Heikal HS, Shawish RR, Nooruzzaman
M, et al. Prevalence and Characterization of Coagulase Positive Staphylococci
from Food Products and Human Specimens in Egypt. Antibiotics [Internet]. 2021
Jan 14;10(1):75. Available from: https://www.mdpi.com/2079-6382/10/1/75
YILDIRIM T, SADATI F, KOCAMAN B, SIRIKEN B. Staphylococcus aureus
and Staphylococcal enterotoxin detection in raw milk and cheese origin coagulase
positive isolates. Int J Sci Lett [Internet]. 2019 Aug 19;1(1):30—41. Available from:
http://dergipark.org.tr/en/doi/10.38058/ijs1.596007

CLSI. Performance Standards For From Animals Antimicrobial Disk And Dilution
Suscetibily Tests For Bacterial Isolated [Internet]. CLSI 5th Edition. 2020. p. 128.
Available from: https://clsi.org/standards/products/veterinary-
medicine/documents/vet01/

Schabauer A, Zutz C, Lung B, Wagner M, Rychli K. Gentisaldehyde and Its
Derivative 2,3-Dihydroxybenzaldehyde Show Antimicrobial Activities Against


http://www.mdpi.com/2079-6382/11/4/427
http://www.mdpi.com/2076-2615/11/6/1530
http://www.ejmanager.com/fulltextpdf.php?mno=290338
http://www.hindawi.com/journals/tswj/2021/6664636/
http://www.scirp.org/journal/doi.aspx?doi=10.4236/ns.2020.125026
http://www.mdpi.com/2079-6382/10/1/75
http://dergipark.org.tr/en/doi/10.38058/ijsl.596007

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Joao Mazon Velez/Afr.J.Bio.Sc. 6(14) (2024) Page 9600 of 15

Bovine Mastitis Staphylococcus aureus. Front Vet Sci [Internet]. 2018 Jul 11;5.
Available from: https://www.frontiersin.org/article/10.3389/fvets.2018.00148/full
CLSI-M1000- Ed32. Performance Standards For Antimicrobial Susceptibility
Testing [Internet]. CLSI. 2022. p. 332. Available  from:
https://www.nih.org.pk/wp-content/uploads/2021/02/CLSI-2020.pdf

Eucast Disk Diffusion Method. Amoxicillin-Clavulanic Acid. International Zone
Diameter Distribution- Rederence Database [Internet]. EUCAST. 2023. p. 1.
Available from: https://mic.eucast.org/search/

Roque Heriberto Avellan Vélez, Marina Dalila Zambrano Aguayo, Laura
Monserrate De La Cruz Veliz, Carlos Alfredo Cedefio, Maria Delgado Demera,
Patricio Fabidn Rezabala Zambrano YAMM. Revista Amazonica Ciencia y
Tecnologia. Rev Amaz Cienc y Tecnol [Internet]. 2019;8(1):62—70. Available
from: http://revistas.proeditio.com/revistamozonica

Maria Sanchez Bonilla M del P, Gutiérrez Murillo NP, Posada Almanza 1J.
Prevalencia de mastitis bovina en el Cafidén de Anaime, region lechera de
Colombia, incluyendo etiologia y resistencia antimicrobiana. Rev Investig Vet del
Per0  [Internet]. 2018 Mar  14;29(1):226-39.  Available  from:
https://revistas.gnbit.net/index.php/veterinaria/article/view/14084

Colorado Jaramillo J, Echeverri Zuluaga JJ, Olivera Angel M, Lopez-Herrera A.
Microorganismos aislados en cultivo bacterioldgico de muestras de leche de vacas
holstein clinicamente sanas. CES Med Vet y Zootec [Internet]. 2018;13(1):31-41.
Available from: http://revistas.ces.edu.co/index.php/mvz/article/view/4592
Arroba. D. dentificacion De Dos Géneros Bacteroamps Y De Su Resistencia A
Antibidticos En Muestras De Leche Cruda Bovina Con Mastitis Clinica Y
Subclinica Obtenidas Del Norocccidente De Pichincha [Internet]. 2019. Available
from: https://dspace.udla.edu.ec/bitstream/33000/11607/1/UDLA-EC-TMVZ-
2019-31.pdf

Lucas, M., Marchetti, L., Araujo, L., & Castro S. Perfiles de resistencia
antimicrobiana de staphylococcus aureus aislados a partir de leche bovina obtenida
de establecimientos ubicados en las diferentes cuencas lecheras de Argentina. Anu
Investig USAL [Internet]. 2019;6. Available from:
https://p3.usal.edu.ar/index.php/anuarioinvestigacion/article/view/4929

Srednik ME, Crespi E, Testorelli MF, Puigdevall T, Pereyra AMD, Rumi MV, et
al. First isolation of a methicillin-resistant Staphylococcus aureus from bovine
mastitis in Argentina. Vet Anim Sci [Internet]. 2019 Jun;7:100043. Available
from: https://linkinghub.elsevier.com/retrieve/pii/S2451943X18300826

Neder, VE, Araujo, L, Gianre, VR, Calvinho L. Antibiotic susceptibility of
Staphylococcus aureus isolated from bovine mastitis in dairy farms from the
central dairy area of Argentina. Rev electrénica Vet REDVET [Internet].
2016;17(9):1-9. Available from:
https://repositorio.inta.gob.ar/xmlui/bitstream/handle/20.500.12123/2812/INTA _
CRSantaFe_EEARafaela_Neder VE_Susceptibilidad a_antibioticos_de_Staphyl
ococcus_aureus.pdf?sequence=1&isAllowed=y

Abdul, Q., Bansal, K., & Gupta D. Subclinical mastitis in machine milked dairy
farms in Punjab: prevalence, distribution of bacteria and current antibiogram. Vet
World [Internet]. 2014;5(1):291-4. Available from:
http://www.veterinaryworld.org/\VVol.7/May-2014/4.pdf

Sanchez Y, Urbano EX, Gonzalez FJ, Ferrebuz AJ. Caracterizacion fenotipica de
cepas de Staphylococcus aureus productoras de B-lactamasas y resistente a la
meticilina. Rev Investig en Salud Univ Boyaca. 2018;5(1):125-43.


http://www.frontiersin.org/article/10.3389/fvets.2018.00148/full
http://www.nih.org.pk/wp-content/uploads/2021/02/CLSI-2020.pdf
http://revistas.proeditio.com/revistamozonica
http://revistas.ces.edu.co/index.php/mvz/article/view/4592
http://www.veterinaryworld.org/Vol.7/May-2014/4.pdf

35.

Joao Mazon Velez/Afr.J.Bio.Sc. 6(14) (2024) Page 9601 of 15

Cruz Carillo A, Estepa CE, Hernandez Lizarazo JJ, Sanabria Villate JP.
Identificacion de bacterias causantes de mastitis bovina y su resistencia ante
algunos antibacterianos. Rev UDCA Actual Divulg Cientifica [Internet]. 2007 Jun
30;10(2). Available from:
https://revistas.udca.edu.co/index.php/ruadc/article/view/569



